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Abstract 
Environmental problems usually involve multiple conflict- 
ing objectives, large uncertainties concerning the possible 
environmental impact, and several individuals or groups whose 
preferences are very different, but yet very important in 
choosing an alternative. If one wishes to influence the 
decision making process using analysis, the above issues should 
be addressed. One critical aspect, which is usually conducted 
informally, involves weighing the advantages and disadvantages 
of the possible impacts of the various alternatives by each 
of the interested parties. 
A multiattribute utility model, called a utility function, 
quantifies the preferences of an interested party in a manner 
convenient for integration with an impact model, so that formal 
evaluation of the alternatives is logical and straightforward. 
Using the utility functions of the various interested individ- 
uals and groups, it is possible to examine the different 
preference structures and their implications to illuminate the 
conflicts, focus the discussion, generate creative alternatives, 
and promote constructive compromises. 
In this paper, the basic ideas of multiattribute utility are 
presented and placed in the context of a decision making frame- 
work. The manner in which it aids the analysis of environmental 
issues is discussed. Several problems having environmental 
components in which multiattribute utility was used are surveyed. 
These include siting nuclear power facilities, developing 
fisheries, controlling a forest pest, examining energy policy, 
and transporting hazardous materials. 
Awareness of environmental problems has certainly in- 
creased in recent years. Closely linked to this is the ne- 
cessity and willingness to do something about the problems. 
But what? In any particular situation, it is very difficult 
to sort through the proposed options and identify the best, 
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or even a reasonable one. Help is needed in deciding exact- 
ly what alternatives should be chosen with respect to the 
environment. 
Recognizing this need, governments and many public and 
private institutions have reacted. In the United States, for 
example, the National Environmental Policy Act of 1969 required, 
among other things, that environmental impact statements identify, 
describe, and evaluate all possible significant environmental 
consequences of major federally funded or approved projects. 
Hence, there have been many recent attempts to model large complex 
environmental systems, both to better understand them and to 
improve decision making. Some of these efforts do lend substan- 
tial support for improving the decisions. However, invariably, 
they seem to address only a part of the problem. Generally, 
these models attempt to describe what the environmental impact 
of any policy may be. They do not include the next step, which 
requires balancing the pros and cons of the possible impacts in 
order to reach a decision. The latter function is usually left 
for the political process, which often means that all the in- 
formation about the possible impacts is processed informally in 
the minds of those individuals making the decisions. This 
paper suggests and illustrates an alternative--a formal model 
of preferences. 
In Section 3 ,  we define the class of problems considered. 
Specifically, the major factors contributing to.their complexity 
are discussed. Section 2 briefly summarizes the main ideas of 
multiattribute utility theory. Section 3 indicates the manner in 
which multiattribute utility explicitly addresses the complex- 
ities of the preference aspects of environmental problems. 
Examples are given in Section 4. Conclusions are given in the 
last section. 
1. The Environmental Problem 
It is critically important to make Mgood" decisions con- 
cerning our environment. In principle, these should depend on 
two considerations: 
1. the likelihoods of the various possible consequences 
resulting from each of the alternative choices, and 
2. the relative desirability of these possible consequences. 
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Figure 1. A Composite Model for Analyzing Environmental Problems 
Figure 1 conceptualizes these features in a composite model of 
the decision making process. This composite model comprises 
two components, an impact model which addresses consideration 
1 and a preference model addressing consideration 2. 
The impact model predicts the impact of alternative 
d e c i s i o n s  on t h e  s t a t e  of our  environment. For i n s t a n c e ,  i n  an 
a i r  p o l l u t i o n  c o n t e x t ,  models of t h e  i m p l i c a t i o n s  of each a l t e r -  
n a t i v e  on t h e  sou rces  and amounts of p o l l u t i o n  a r e  cons t ruc t ed .  
These a r e  i n t e r r e l a t e d  wi th  t h e  weather p a t t e r n  t o  y i e l d  pol-  
l u t i o n  c o n c e n t r a t i o n s .  Perhaps t h e  i m p l i c a t i o n s  of t h e  r e s u l t i n g  
p o l l u t i o n  c o n c e n t r a t i o n s  f o r  human h e a l t h  and e c o l o g i c a l  systems 
a r e  inc luded .  For each p o s s i b l e  a l t e r n a t i v e ,  t h e  o u t p u t  of t h i s  
model would be t h e  consequences i n d i c a t e d  i n  terms of h e a l t h  
impact ,  e c o l o g i c a l  impact ,  economic impact ,  and s o  on. This  
in format ion  w i l l  o f t e n  be r epo r t ed  p r o b a b i l i s t i c a l l y  a s  it i s  
n o t  p o s s i b l e  t o  p r e d i c t  t h e  environmental  impact p r e c i s e l y .  
With most environmental  models, t h i s  i s  t h e  p o i n t  where 
t h e  formal a n a l y s i s  ends.  The d e c i s i o n  makers a r e  provided wi th  
r e p o r t s  and d a t a  on t h e  consequences of each a l t e r n a t i v e  and 
asked t o  choose among them. I t  i s  ve ry  d i f f i c u l t  t o  sys temat ic -  
a l l y  and c o n s i s t e n t l y  p rocess  a l l  t h e  r e l e v a n t  in format ion  i n  
t h e  human mind. The shee r  magnitude of most impor tan t  problems 
p reven t s  t h i s .  For t h i s  same r eason ,  namely, t h e  d i f f i c u l t i e s  
i n  l o g i c a l l y  and c o n s i s t e n t l y  t h ink ing  through each a l t e r n a t i v e  
t o  a r r i v e  a t  i t s  l i k e l y  i m p l i c a t i o n s ,  models of environmental  
impacts a r e  used.  With impacts ,  t h e  i d e a  t h a t  a  model can be 
u s e f u l  i n  he lp ing  t o  unders tand t h e  i s s u e s  and a r r i v e  a t  a  "good" 
d e c i s i o n  i s  o f t e n  accep ted .  I n  t h i s  paper ,  we argue t h a t  f o r  
t h e  same reasons  it can a l s o  be ve ry  h e l p f u l  t o  b u i l d  a  model 
of p re fe rences .  
The p re fe rence  model i s  r ep re sen ted  by t h e  second box i n  
F igure  1 .  The i n p u t s  t o  t h i s  model a r e  t h e  o u t p u t s  of t h e  impact 
model. The o u t p u t s  of  t h e  p re fe rence  model a r e  in tended  t o  be 
a better understanding of the problem as well as an evaluation 
of the alternatives. 
There are a number of complexities which create the need 
for such a preference model. These include: 
multiple objectives, 
uncertainties about the impact, 
impacts over time, 
many impacted groups with diverse interests, 
multiple decision makers. 
Multiple Objectives. In one sense, the environmental problems 
are problems exactly because of their multiple-objective nature. 
There is the one objective of society to continually improve 
its economic and material well-being. In pursuing this objective, 
the environment is usually detrimentally impacted. The greater the 
degree to which this occurs, the more aware society becomes of a 
second major objective: to preserve or improve our natural environ- 
ment. It is clear that the degree to which we achieve one of 
these objectives affects the degree to which it is possible 
to achieve the other. Value tradeoffs indicating how much 
of one achievement we are willing to forego to attain a fixed 
amount of another are an important issue. 
Uncertainties. At the time decisions are made, it is impossible 
to precisely forecast the implications of each alternative. 
Often these uncertainties are large. For instance, in evalu- 
ating sites for nuclear power facilities, the use of cooling 
water and the release of heated water back into the river may 
impact the aquatic fauna and flora. These disruptions to local 
ecological communities may work their way through the ecological 
system causing detrimental impact in several places. Estimations 
of the possibilities and magnitudes o£. such impacts are very 
difficult.. The implication is that the major uncertainties 
should be formally addressed in a preference model attempting 
to aid decision makers. 
Impacts Over Time. A n  alternative chosen now may have an impact 
for many years into the future. This is obvious when consid- 
ering the interrelationships of various components of the 
environment. Simply building a dam at a particular site pre- 
empts the use of the land for other purposes. A policy of 
using nuclear power results in radioactive waste, which will 
remain with us for centuries. Such aspects of the problem are 
important to address. Preferential concepts such as discounting, 
the value of time, and intergenerational tradeoffs are involved 
with this complexity. 
Many Impacted Groups. Different individuals have very different 
preferences. One group of people may be completely willing to 
sacrifice all the fish in a stream for an additional 1000 mega- 
watt power plant, whereas another group would not be willing to 
give up.one percent of the fish. Those people living near a 
large power plant are clearly impacted much differently than 
metropolitan city residents using the generated power miles away 
from the site. It is important to account for the diverse 
opinions and priorities that obviously exist in such problems. 
In some sense, we want to be fair; this implies that tradeoffs 
among the groups must be made. 
Multiple Decision Makers. Closely related to the preceding 
issue is the fact that it is not one decision maker or decision 
making entity that has the power to select the best decision 
concerning environmental options. Several parties, often with 
opposing viewpoints, must collectively arrive at a decision. 
It is important to provide mechanisms to assist the interaction 
of the involved decision makers. Perhaps this can help identify 
and resolve conflicts and lead to "better" decisions for all. 
Reviewing this list of complexities, one realizes exactly 
why it is so difficult to consider all the preferential issues 
in an environmental problem informally in one's head. Most 
environmental problems involve aspects of each of the above 
complexities. 
2. Multiattribute Utility Theory 
The model quantifying one's preferences is called a utility 
function. When multiple objectives are involved, a measure of 
effectiveness, or attribute, is needed to indicate the degree to 
which each objective is met. Hence we have the terminology, 
multiattribute utility function. This multiattribute utility 
function is nothing more than an objective function (to be 
maximized) with one special property: it is scaled in a manner 
so that in cases involving uncertainty, the expected utility 
calculated for an alternative is an appropriate measure of the 
desirability of that alternative. Thus, if one accepts a set 
of reasonable axioms postulated by von Neumann and Morgenstern [ 2 4 1 ,  
one shou ld  choose  t h e  a l t e r n a t i v e  l e z d i n g  t o  t h e  h i g h e s t  expec ted  
u t i l i t y .  
The Terminology of  M u l t i a t t r i b u t e  U t i l i t y .  The o u t p u t s  o f  t h e  
impact  model o f  F i g u r e  1 i n d i c a t e  t h e  degree  t o  which t h e  
s e v e r a l  o b j e c t i v e s  might  b e  m e t  i n  each t i m e  p e r i o d  under  con- 
s i d e r a t i o n .  To s i m p l i f y  i n t r o d u c t i o n  o f  t h e  i d e a s ,  l e t  u s  f o c u s  
on one t i m e  p e r i o d  and l e t  t h e  set o f  a t t r i b u t e s ,  which measure 
t h e  achievement  of  o b j e c t i v e s ,  be  d e s i g n a t e d  by X 1 , X 2 ,  ..., Xn.  
Then w e  c a n  l e t  xi be a s p e c i f i c  amount o f  Xi. F o r  i n s t a n c e ,  
t h e  ith o b j e c t i v e  may be  t o  minimize t h e  d e t r i m e n t a l  impact  on 
f i s h .  An a t t r i b u t e  Xi t o  measure t h i s  may be t h e  number o f  f i s h  
k i l l e d ,  and xi c o u l d  t h e n  b e  5000 f i s h .  With t h i s  n o t a t i o n ,  t h e  
consequence  of  any a l t e r n a t i v e  is  x  - 2 ( x 1 , x 2 , - . . , x n ) .  F o r  e a c h  
a l t e r n a t i v e  A t h e  impac t  model g i v e s  us  a p r o b a b i l i t y  d i s t r i -  
1' 
b u t i o n  p . ( x )  i n d i c a t i n g  which consequences may o c c u r  and t h e i r  
3 - 
l i k e l i h o o d s .  T h i s  i s  combined w i t h  t h e  u t i l i t y  f u n c t i o n  u ( x )  - 
t o  c a l c u l a t e  t h e  e x p e c t e d  u t i l i t y  of  a l t e r n a t i v e  A 1 
The main r e s u l t s  o f  m u l t i a t t r i b u t e  u t i l i t y  t h e o r y  [ 6 , 7 , 1 2 ,  
19,22,23] c o n c e r n  r e p r e s e n t a t i o n  theorems s t a t i n g  c o n d i t i o n s  
under  which a u t i l i t y  f u n c t i o n  c a n  be  e x p r e s s e d  i n  a s p e c i f i c  
s i m p l e  f u n c t i o n a l  form. If such  a form is a p p r o p r i a t e  f o r  a n  
a n a l y s i s ,  it i s  t h e n  g e n e r a l l y m u c h  easier t o  p roceed  w i t h  t h e  
a s s e s s m e n t s  n e c e s s a r y  t o  s p e c i f y  t h e  u t i l i t y  f u n c t i o n .  
Two b a s i c  n o t i o n s  used  i n  d e r i v i n g  r e p r e s e n t a t i o n  theorems 
are t h e  c o n c e p t s  of p r e f e r e n t i a l  independence and u t i l i t y  i n -  
dependence.  L e t  u s  d e f i n e  t h e s e  c o n c e p t s  and t h e n  s ta te  two 
r e p r e s e n t a t i o n  theorems which have proven t o  be u s e f u l  i n  
analyzing environmental problems. 
Preferential Independence. The pair of attributes { x ~ , X ~ }  is
preferentially independent of the other attributes {X 3,...,Xn) 
if preferences among {XI ,X2} pairs, given that X3,. . . ,Xn are 
held fixed, do not depend on the level where those attributes 
are fixed. 
preferential independence implies that the tradeoffs 
between attributes XI and X2 do not depend on X3, ..., Xn. 
Utility Independence. The attribute XI is utility independent 
of the other attributes {X 2,...,Xn} if preferences among lot- 
.-. 
teries3' over X (i .e. lotteries with uncertainty about the 1 
level of XI only), given that X2, ..., Xn are held fixed, do not 
depend on the level where those attributes are fixed. 
A main result can now be stated. 
Theorem 1. For n - > 3, if for some Xi, {xi,X.) is preferent- 
I 
ially independent of the other attributes for all j # i and 
Xi is utility independent of all the other attributes, then 
either 
where u and ui are utility functions scaled from zero to one, 
the kils are scaling constants with 0 < ki < 1 ,  and k > -1 
is a nonzero scaling constant. 
* 
A lottery is defined by specifying possible consequences 
which may result and the associated probabilities of their 
occurrence. 
The proof of this result is found in Keeney 1121. Alternative 
sets of assumptions leading to either form (1) or (2) are found 
in Fishburn [61 , Meyer [ 191 , and Pollak [22] . The functional 
form (1) is the additive utility function and (2) is the multi- 
plicative utility function. For the case of two attributes, 
the following is proved in Keeney [I 1 ] . 
Theorem 2. For n = 2, if X is utility independent of X2 and 1 
X is utility independent of XI, then the utility function 2 
u(x,,x2) is either additive or multiplicative. 
To use either the additive or multiplicative form, we need 
to obtain exactly the same information, the n single-attribute 
utility functions ui and the n scaling constants ki. Assessing 
and using this information is discussed in detail in Keeney and 
Raiffa [16]. 
In terms of the required assessments and general robust- 
ness, the additive and multiplicative utility functions appear 
tobe the practical ones for say n - > 4. Even when the requisite 
assumptions do not precisely hold over the domains of all the 
attributes, it may be a good approximation to assume they do, 
or it may be reasonable to integrate different additive and 
multiplicative utility functions over separate regions of these 
attributes. More general functional forms, requiring more 
assessments, have been developed using a similar approach for 
cases requiring additional flexibility in the preference struc- 
ture; see, for exawple, Bell [2], Farquhar [5], Fishburn [ 8 ] ,  
Keeney [ 1 1 ] , Kirkwood [ 181 , and Oksman [2 1 1 . 
3 .  Addressing t h e  Complexit ies 
It i s  important  t o  d e s c r i b e  b r i - e f ly  how a  p r e f e r e n c e  
model--a m u l t i a t t r i b u t e  u t i l i t y  funct ion--addresses  t h e  f i v e  
complex i t i e s  o u t l i n e d  i n  Sec t ion  1. 
Mul t ip l e  Ob jec t ives .  The d e c i s i o n  maker's u t i l i t y  f u n c t i o n  u  
i s  as ses sed  such t h a t  u ( x l , x 2 ,  ..., x ) u ( x , x , . . , x )  i f  and 
n  
on ly  i f  ( x  , x , . . . x i s  p r e f e r r e d  t o  ( x  , x , . . , x . With u  
w e  can e a s i l y  c o n s t r u c t  t h e  i n d i f f e r e n c e  cu rves  ove r  { X , . X ~ . . . . , X ~ ) .  
This  i n d i c a t e s  e x a c t l y  how much of one a t t r i b u t e  one i s  w i l l i n g  
t o  g ive  up i n  o r d e r  t o  g e t  a  s p e c i f i e d  amount of  ano the r  a t t r i -  
bu te .  That is, t h e  va lue  t r a d e o f f s  a r e  made e x p l i c i t .  
U n c e r t a i n t i e s .  A s  i n d i c a t e d ,  t h e  u t i l i t y  f u n c t i o n  i s  q u a n t i f i e d  
i n  a  s p e c i a l  manner s o  t h a t  t h e  expected u t i l i t y  of an  a l t e r -  
n a t i v e  i s  an a p p r o p r i a t e  i n d i c a t o r  of t h e  d e s i r a b i l i t y  of t h a t  
a l t e r n a t i v e .  To use  average va lues  of t h e  a t t r i b u t e s  per  se 
r a t h e r  t h a n  t h e  u t i l i t y  over  t h e  a t t r i b u t e s  i s  o f t e n  c l e a r l y  
i n a p p r o p r i a t e .  Suppose, f o r  example, two a l t e r n a t i v e s  were 
i d e n t i c a l  except  f o r  t h e  f a c t  t h a t  one r e s u l t e d  i n  f i f t y  p e r c e n t  
of  t h e  f i s h  i n  a  s t ream dying and t h e  o t h e r  r e s u l t e d  i n  an e q u a l  
chance of  e i t h e r  a l l  o r  none dying. Both o p t i o n s  imply an ex- 
pected l o s s  of f i f t y  p e r c e n t ,  bu t  most people would s t i l l  p r e f e r  
a  s u r e  l o s s  of f i f t y  percen t .  An a p p r o p r i a t e  u t i l i t y  f u n c t i o n  
c a p t u r e s  such p re fe rences .  
Impacts Over Time. Let  u s  now expand an a t t r i b u t e  se t  t o  be 
t i x i : i = l , .  . . , n ; t = 1  ,. .. , T }  where xk i s  t h e  impact on t h e  ith a t t r i b u t e  
i n  t i m e  pe r iod  t. I f  w e  now a s s e s s  t h e  d e c i s i o n  maker 's  u t i l i t y  
1 2  T function ulx - 15 ,...,x_ 1, we have explicitly identified all the 
value .tradeoffs among attributes over time. For problems such 
as radioactive waste, the utility function will indicate whether 
the 'benefits' in the near future are worth the 'costs1 in the 
distant future. To examine this, one compares the utility of 
energy programs involving much waste and those involving none. 
Many Impacted Groups. An overall measure of the degree to which 
each group Is impacted by any consequence is its utility for 
that consequence. Thus if utility functions u j- = 1,2,...,~, j 
are assessed for the J groups, the decision maker can assess his 
utility function u(ul,u2,...,~J). This formulation explicitly 
focusses on the value tradeoffs that the decision maker must 
make among groups. The issue is how much should be taken away 
from one group to satisfy another group. Concepts of fairness 
and equity play important roles here. 
Multiple Decision Makers. Now suppose that rather than there 
being an overall decision maker with utility function u, the 
J groups are each participants in the decision making process. 
By analyzing their utility functions u one can identify areas j 
of agreement and disagreement. This may in itself suggest 
.creative new.options which all qroups like. More likely, it 
will provide a solid base from which to begin constructive 
compromise. 
We must mention the obvious, that utility is not a panacea 
for 'solving' some very important problems. However, utility 
theory does address, rather than avoid, some of the complications 
ever present in environmental problems. There is much to be 
learned: our understanding of the problems needs to be improved; 
our theory and techniques need to be sharpened; and our inter- 
pretation and use of the analysis need to be scrutinized. The 
examples in the next section briefly describe some initial 
attempts in this direction. 
4. Applications 
Here, we will briefly summarize studies in five separate 
problem areas where multiattribute utility analysis has been used. 
All of the studies addressed the multiple-objective and uncer- 
tainty complexities. In addition, most of them addressed one 
of the other complexities. To date, there is essentially no 
experience in addressing all the complexities in the same problem. 
Nuclear Power Siting, Two studies have been conducted of nuclear 
power plant siting using multiattribute ptility. In a doctoral 
dissertation, Gros [9] studied the problem of deploying 1,000-Mw 
base-load units on the New England coast. Specifically, he 
examined the benefits and costs accruing to four separate groups: 
environmentalists, the utility companies, regulatory agencies, 
and local groups. Using individuals with a knowledge of each 
group's interests, utility functions for each of these were 
assessed over four proxy attributes: monetary costs, population 
within fifteen miles of the site, temperature of water released 
after cooling, and capacity of the site measured in number of 
1,000-Mw units. 
Using the overall approach described in Nair et al. [20], 
Woodward-Clyde Consultants of San Francisco have been using 
multiattribute decision analysis in their professional practice 
while consulting for utility companies, The first study was 
recently completed [15,25]. First a series of screening models 
was used to select candidate sites, considering several factors 
such as earthquake potential, faults, water availability, etc. 
Evaluation of these sites involved assessing a utility function 
including the environmental impact on fish, waterfowl, and rare 
and endangered species; the socio-economic impact on the com- 
munities near the site due to the boom-bust cycle; the safety 
of the population from radiation and possible accidents; costs; 
and system reliability. 
To illustrate the approach, consider one environmental 
objective of the study, "to minimize adverse impact on salmonids." 
Obvious measures such as the number of fish killed were not 
entirely appropriate, since the loss of 1000 fish in a stream 
of 1000 is more disastrous than the loss of the same number of 
fish in a stream of 50,000 fish. The percent killed is also 
important since the genealogy of fish in each stream is slightly 
different. However, the percent Of fish killed, used alone, is 
not adequate to measure the objective. For streams with less 
than 100,000 fish, a preference model--a utility function--was 
constructed including both the percent of fish in the stream 
killed and the number of fish in the stream. The assumptions 
necessary for Theorem 2 were verified and the model (2) was 
calibrated. For streams with more than 100,000 salmonids, it 
was virtually impossible to eliminate as much as 50 percent of 
t h e  salmonid s o  t h e  pe rcen t  was no t  important .  For  such s t r eams ,  
a o n e - a t t r i b u t e  u t i l i t y  func t ion  f o r  t h e  number o f  f i s h  k i l l e d  
was used.  The two u t i l i t y  models were then  c o n s i s t e n t l y  s c a l e d .  
D e t a i l s  of a l l  t h e s e  assessments  a r e  i n  Keeney and R o b i l l i a r d  
[171. 
Fo res t  P e s t  Management. The ecology p r o j e c t  a t  t h e  I n t e r n a t i o n a l  
I n s t i t u t e  f o r  Applied Systems Analysis  i n  Laxenburg, A u s t r i a ,  
developed a model f o r  e v a l u a t i n g  c o n t r o l  s t r a t e g i e s  f o r  t h e  
spruce  budworm. Th i s  p e s t  p e r i o d i c a l l y  d e s t r o y s  much of  t h e  
f o r e s t s  of New Brunswick, Canada. Major v a r i a b l e s  of i n t e r e s t  
impacted by t h e  a l t e r n a t i v e  s t r a t e g i e s  are t h e  lumber i n d u s t r y  
p r o f i t s  i n  New Brunswick, t h e  unemployment i n  t h e  area ( s i n c e  
t h e  lumber i n d u s t r y  i s  ve ry  s i g n i f i c a n t ) ,  and t h e  r e c r e a t i o n a l  
va lue  of  t h e  f o r e s t .  The problem i s  complicated because t h e  
impact o f  any s t r a t e g y  a f f e c t s  pe r iods  of s e v e r a l  y e a r s .  B e l l  
[1 ,3]  r e p o r t s  a d e t a i l e d  e f f o r t  t o  assess a u t i l i t y  f u n c t i o n  
over t h e s e  t h r e e  a t t r i b u t e s  over  t i m e  f o r  purposes of e v a l u a t i n g  
t r e a t m e n t  a l t e r n a t i v e s .  
Cont ro l  of F i s h e r i e s .  The Skeena River i n  B r i t i s h  Columbia, 
Canada, i s  an important  salmon f i s h i n g  a r e a .  The ~ a n a d i a n  
Department of t h e  Environment has  t h e  r e s p o n s i b i l i t y  f o r  p o l i c y  
d e c i s i o n s  i n c l u d i n g  who - can f i s h ,  what -salmon s p e c i e s  and s i z e  
t h e y  can c a t c h ,  where t hey  can f i s h ,  which methods t h e y  can use ,  
and when t h e y  can f i s h .  Such d e c i s i o n s  impact d i r e c t l y  o r  i n -  
d i r e c t l y  everyone l i v i n g  i n  t h e  Skeena a r e a .  A s  p a r t  of t h e  
i n i t i a l  s t a g e s  i n  examining t h i s  problem, f i r s t - c u t  u t i l i t y  
functions of the five main impacted groups were formalized using 
individuals familiar with their interests. Environmental con- 
siderations such as the diversity of salmon in the Skeena were 
examined relative to economic indicators such as the annual 
income of a fisherman and the cost of salmon per pound. 
With two members of the study team, preliminary utility 
functions addressing the value tradeoffs between groups has been 
assessed [13]. By examining these two preference models, some 
important disagreements were identified. These are in the 
process of being reconciled among team members. Although the 
context is different, the spirit of identifying and resolving 
differences in this manner is the same as that suggested for 
addressing the complexity of multiple decision makers. 
Transporting Hazardous Materials. In recent years, there has 
been a large increase in the volume of hazardous materials being 
transported within the United States. In an attempt to evaluate 
I 
which modes of surface transportation--rail, highway, water, and 
pipeline--were most safe under given conditions, Kalelkar et al. , 
[lo] found it necessary to develop a subjective index of possible 
environmental effects due to hazardous chemical spills. The 
scale is presented in Table 1 to illustrate the general idea 
of such a scale. It allows one to combine the impact due to 
several sources into one measure. For example, this scale 
includes odors, leaf damage, loss of foliage, and short and long 
term impacts on animals. It is important to increase our 
willingness to use and skill in constructing subjective scales. 
Another example of a subjective scale concerns the biological 
impacts (except for salmonids) of the nuclear power. siting study 
of Woodward-Clyde Consultants [25]. 
Table 1. 
Impact 
Level 
Environmental Effects from Hazardous Chemical Spills 
~escription of Impact 
No effect. 
Residual surface accumulation of harmless material such as 
sugar or grain. 
Aesthetic pollution Codor-vapors). 
Residual surface accumulation of removable material such 
as oil. 
Persistent leaf damage (spotting, discoloration) but 
foliage remains edible for wildlife. 
Persistent leaf damage (loss of foliage) but new growth 
in following year. 
Foliage remains poisonous to animals (indirect cause of 
some death upon ingestion). 
Animals become more susceptible to predators because of 
direct exposure to chemicals and a resulting physical 
debilitation. 
Death to most smaller animals. 
Short term (one season) loss of foliage with emigration 
of specific animals that eat the foliage. 
Eventual reforestation. 
Death to foliage and emigration of animals. 
Death to foliage and animals. 
Sterilization of total environment with no potential for 
reforestation or immigration of species. 
Energy Policy. In making energy policy decisions, value trade- 
offs among several environmental variables are critical. The 
environmental consequences of a policy of introducing nuclear 
power plants at a rapid rate is much different than one limit- 
ing the use of nuclear power in favor of coal plants. Buehring 
[4] has constructed an environmental inpact model indicating 
the likely effects of various policies in terms of eleven 
variables including deaths, SO2 pollution, radioactive waste, 
health effects, water used, land used, and electrical energy 
generated. A preference model to integrate with the environ- 
ment impact model was developed. Details of the preference 
assessments are found in Keeney [ I  4 1  . 
5. Recommendations 
It is a fact that most environmental problems do involve 
the five complexities outlined in Section 1. Hence if one 
considers analysis worthwhile, the question is whether to 
include these aspects, formally or informally. Multiattribute 
utility theory is developed to the degree where it can be of 
substantial help in understanding and resolving these complex- 
ities. The art of implementing the theory is currently being 
improved. 
In many complicated problems, several man-years may be 
spent developing an impact model (e.g. simulation) to identify 
the possible consequences of each alternative. The final 
result of all this is a report to "the decision maker" who, 
after perhaps a week of thinking and consulting with his 
"advisors," makes a decision. If the problem requires so much 
model l ing ,  it seems t h a t  i n  some c a s e s  it may be  v e r y  d i f -  
f i c u l t  t o  s o r t  o u t  i n  a week t h e  o v e r a l l  p r e f e r e n c e s  i n  o n e ' s  
head.  A s s e s s i n g  a m u l t i a t t r i b u t e  u t i l i t y  f u n c t i o n  o f f e r s  
t h e  d e c i s i o n  maker a n  a l t e r n a t i v e  t o  do ing  a n  in-the-head 
a n a l y s i s .  T h i s  h e l p s  him t o  both  ( 1 )  g e t  h i s  p r e f e r e n c e s  
s t r a i g h t ,  and ( 2 )  e v a l u a t e  p o l i c i e s  u s i n g  h i s  p r e f e r e n c e s  
and t h e  impact model o u t p u t  i n  a l o g i c a l l y  c o n s i s t e n t  manner. 
I t  would a p p e a r  t h a t  f o r  some problems,  t h e  s h i f t i n g  of  a 
few man-months e f f o r t  from t h e  mode l l ing  a s p e c t s  t o  t h e  p r e f -  
e r e n c e  a s p e c t s  would prove t o  be  wor thwhi le .  
The e x p e r i e n c e  w i t h  deve lop ing  p r e f e r e n c e  models i n d i c a t e s  
t h a t  t h e  p r o c e s s  i t s e l f  c a n  be v e r y  u s e f u l .  The p r o c e s s  
a s s i s t s  i n  a r t i c u l a t i n g  s u b s t a n t i v e  i s s u e s ,  s e n s i t i z i n g  d i f -  
f e r e n t  i n d i v i d u a l s  t o  t h e  i s s u e s  i n v o l v e d ,  g e n e r a t i n g  c r e a t i v e  
a l t e r n a t i v e s ,  communicating, i s o l a t i n g  d i f f e r e n c e s  i n  judg- 
ment and p r e f e r e n c e s ,  and r e s o l v i n g  t h e s e  d i f f e r e n c e s .  T h i s  
shou ld  i t s e l f  promote b e t t e r  d e c i s i o n  making. 
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